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ABSTRACT
Pimelometoponpulchrum,Californiasheephead,alabridfishof theeasternPacificOcean,wascollected
theyear roundat Catalina Island,Calif., andcomparativematerialwas takenat GuadalupeIsland,
Mexico.Individualsat GuadalupeweredwarfedrelativetothoseatCatalina.Pimelometoponpulchrum
is a protogynoushermaphrodite,theovarianelementsundergoingmassivedegenerationassperma-
togeniccryptsproliferatein the gonadsof transitional individuals.Sexualchangesoccurbetween
breedingseasons.Individualsfrom bothpopulationsmatureas femalesat agefour; mostof thoseat
Catalinafunctionas femalesfor 4 yr and then changesex,at a length of around310mm.Sexual
transformationoccursearlierontheaverageatGuadalupe;mostindividualsaremalebyageseven.In
bothpopulations,morerapidlygrowingfishesapparentlychangesexsoonerthanotherindividualsof
thesameage,andfishesthatgrowslowlymaynotchangesexatall.Spawningappearstooccurin July,
August,and Septemberin the Catalinapopulation.Individuals probablyspawnseveraltimes in a
breedingseason.The weightof active,prespawningovariesincreasesat a rateapproximatelypropor-
tionaltothethirdpowerof thelengthof thefish.Ovaryweightincreasesin alinearfashionwithagein
theCatalinapopulation.Therateof increasewithagewouldbelessin theGuadalupepopulationdueto
dwarfing.
Thethreecolorationphasesof P.pulch1-umaredescribed,twoof whicharefoundin adultindividuals.
The uniformcolorationis madeup mostlyof maturefemaleand immaturefishes.About 5%of the
matureuniformindividualsweremalesatCatalina,andabout12%atGuadalupe.Thebicoloredphaseis
madeupexclusivelyof malesandlatetransitionalindividuals.Datafromfieldtransectsrevealedthat
therewere aboutfive uniform individualsto every bicoloredmale.Basedon an estimatedyearly
survivalrateof about0.7,thematuresexratio at Catalinawasapproximatelytwo femalesfor every
male.Theratioat Guadalupewascloserto threefemalesfor everytwomales,duein parttotheearlier
sexchangeseenthere.
Sequentialhermaphroditism,a phenomenon
characterizedbyanindividualchangingfromone
sextoanotheratsomepointin its life history,is
widespreadin teleostfishes(Atz 1964;Reinboth
1970).In somespecies,individualschangefrom
maletofemale(protandry)andin othersthesit-
uationisthereverse(protogyny).
Mostof thepublishedinformationon the life
historiesof sequentiallyhermaphroditicspecies
hasdealtwith thedistributionof thesexeswith
size,sometimescorrelatedwith a histological
investigationof thegonads(Atz 1964;Reinboth
1970).However,in orderto interpret the full
implicationsof the sexualpatterns seen in
sequentialhermaphrodites,dataon the agedis-
tribution,age-specificfecundity,and the sexual
transformationscheduleof the populationare
needed(Warnerin press).
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Thereare a few protogynousfish speciesfor
whichthe informationis nearlycomplete.For
example,Moe(1969)providedexcellentdataonthe
life historypattern,gonadaltransformation,and
survivalrateof theserranidEpinephelus moria.
Natural sex reversal in the synbranchid
Monopterus albus hasbeenextensivelystudied
bothin thefieldandlaboratory(Liem1963,1968;
Chan 1971),but little is knownaboutits age-
specificfecundityandsurvivalpattern.A similar
situationexistsforthelabridCarisjulis (Reinboth
1957,1962;Roede1966),whereagainwelackinfor-
mationon the demography'of the population.
AmongtheLabridae,perhapsthemostcomplete
informationexistsonthesevenCaribbeanspecies
of the genera Thalassoma, Halichoeres, and
Hemipteronotusstudiedby Roede(1972).An un-
fortunatelimitationwasplacedonRoede'swork
by thetropicalocation,whichprecludedagede-
termination from growth rings on scalesor
otoliths.
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Pimelometoponpulchrum (Ayres),theCalifor-
nia sheephead,is a labrid of the subfamily
Bodianinae.It is confinedto temperatewaters,
rangingfromMontereyBay,Calif.,to CaboSan
LucasatthetipofBajaCalifornia,Mexico(Miller
andLea 1972).Individualscanreacha largesize
(over800mmstandardlength[SL])andarecom-
monlyfoundoff southernCaliforniaalongrocky
shoresat depthsbetween5 and 50 m. In this
report,it is demonstratedthatP. pulchrum, like
many other labrids, is a protogynous her-
maphrodite.In addition,dataarepresentedonage
andgrowth,on thedistributionof thesexesin
relationtocolor,size,andage,andontheobserved
patternsof fecundityand survival.The study
embracestwo widely separatedpopulations,
chosen to reflect how differences in the
demographyof thepopulationmightleadto the
observeddifferencesin the scheduleof sexual
transformation(discussedin Warnerin press).
MATERIALS AND METHODS
SourceofMaterialsand
TimesofSampling
Pimelometoponpulchrum wastakenby means
of ahandspearwhileeitherskindivingorusing
scuba.The maincollectingareawasat Fisher-
man'sCoveonthenortheastshoreof SantaCat-
alina Island, Calif., near the University of
SouthernCaliforniaMarineStation(lat.33°27'N,
long.118°29'W).A totalof 341individualsof P.
pulchrumwereprocessedfromsamplestakenthe
yearroundatmonthlyintervals.Collectionsbegan
in December1969andcontinued,withoccasional
gaps,until July 1971;monthlysampleswere
between20and30individuals.
The otherareasampledin this studywas at
GuadalupeIsland,Mexico,locatedapproximately
200km west of Punta Baja, Baja California.
Collectionsweremadealongthe protectedeast
sideof theisland~concentratingonanarea3km
fromthesoutherntipknownasLobsterCamp(lat.
29°01'N,long.118°14'W).Year-roundsamplingat
GuadalupeIslandwasnotpossible,andthe 130
individualstakentherewerefromthreeexpedi-
tions,January1970(16specimens),April 1970(53
specimens),andMay1971(61specimens).
SupplementalcollectionsweremadeatLa Jolla,
Calif.,includingasampleoflargeindividualsfrom
aspearfishingmeeton19July 1970.
Thestandardlengthof eachfishwasmeasured,
and its colorationnoted.Severaldorsalspines
wereremovedandfrozen,andthegonadswere
fixedin bouin'sfluid.
AgeDeterminationMethods
Agedeterminationbycountingannularmarks
on the otoliths or scaleswas precludedin P.
pulchrum. Theotolithsareextremelysmalland
difficultto locate,and the centralportionsof
nearlyallthescaleswereeitherclearorirregularly
banded,indicatingregeneration.
Thebonesandspinesof P. pulchrum didshow
regularmarkings,andyoungerfishcouldbesuc-
cessfullyagedbycountingthemarksoneitherthe
bones(operculaor cranialridges)or the dorsal
spines.However,the proximalportionsof the
bonestendedto thickenandobscuretheearlier
markson olderCaliforniasheepheadand only .
dorsalspineannulicouldbeusedfor agedeter-
mination.
Dorsalspineswerepreparedasfollows:theflesh
wasremovedby meansof a householdenzyme
product(Ossian1970)and the spineswereair
dried.The classicalmethodsof decalcification
and/orthin sectioning(e.g.,Cuerrier1951)were
notused.Instead,ahigh-speedgrindingtoolwith
a thin abrasivedisc was usedto cut cleanly
throughthe spineat a pointjust distal to the
swollenportionof thebase.Thespinousportion
wasthenthrustthroughanopaquelightshieldso
that only the cut baseprotruded.A strong
microscopelightwasdirectedtothelowerportion
of theshieldsothattheonlylight visibleonthe
othersidethencamethroughtheprojectingbase
of the spine.The hyalinelayersof the spine
transmitmuchmorelight andthe illuminated
pattern,resemblingtreerings,is easilyseenin a
dissectingmicroscope.
Theseconddorsalspinewasusedfor primary
counts;theringpatternsontheotherspineswere
identical,andwereusedto verifycountsfor in-
dividuals.Countsoneachspineweremadebytwo
peopleandwereusedin theanalysisof growth
only whenthey agreed.False rings, probably
causedby abnormalgrowth conditions,were
identifiable in young individuals by their
proximitytootherannuliandtheirtendencytobe
incomplete.
Rarely,olderfishshoweda markeddegenera-
tion of the centralportionof the spine,which
becamehollowandoil-filled,makingagedeter-
minationfromspinesimpossible.
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A seriesof measurementsof 100spineswas
madewith anocularmicrometerat a magnifica-
tion of 30x. At this magnification,oneocular
micrometerunitequals0.033mm.Theradiuswas
measuredat midspineona lineperpendicularto
andbeginningat theindentationaxis.Distances
fromthecenterof thespinetoeachannuluswere
recordedfor backcalculationof length,alongthe
radiusline.Finally,thedistancefrom thespine
marginto theoutermostannuluswasmeasured
for determinationof thetimeof annulusforma-
tion.
Methodsof ReproductiveBiology
In thelaboratory,eachgonadwasblotteddry,
weighed, and a segment of one lobe was
dehydratedin alcoholandembeddedin paraffin.
Slideswerepreparedof cross-sectionsof thelobe,
cutat thicknessesof 5,10,and25p'm; thickersec-
tionshavelesstendencytocollapseandweremade
to ensurethat the overallconfigurationof the
cross-sectioncouldbe observed.Sectionswere
stainedwithehrlich'shematoxylinandeosin.
Eachgonadwasclassifiedaccordingto sexand
stateof development.Assignmentof a develop-
mentalclassdependedonthepredominatestage
of gametogenesisseenin thegonad.Thedivision
ofgametogenicstagesisasfollows:
Oogenesiswasdividedinto fivestages,follow-
ing criteriadetailedfor a varietyof speciesby
Kraft andPeters(1963).Smith(1965),andMoe
(1969).
Stage 1.Very small (15-30p.min diameter)
oocyteswitha largenucleus,singlenucleolus,and
arelativelysmallamountof basophilicytoplasm.
Stage2. (30-50p.m) Previtellogenicoocyteswith
a stronglybasophiliccytoplasmand multiple
nucleoliaroundthenucleusmargin.
Stage3. (150-300p.m) Vitellogenesisbegins
with the depositionof yolk vesiclesin the less
darklystainingcytoplasm.A thinzonaradiatacan
beseenin latestage3.
Stage4. (280-450p.m)Cytoplasmfilledwithyolk
vesiclesand globules;the zona radiata well
developedandstronglyacidophilic.
Stage5. (450-1,050p.m) Matureor nearlyma-
tureoocytes,Uniformin appearancedueto the
coalescenceof theyolk glob~.lles.The nucleusis
eccentricandthezonaradiatais thin andnon-
striated. Theseoocytesare often extremely
irregularin outlineandRoede(1972),whonoted
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the sameirregularityin matureeggsof other
labrids,probablycorrectlyattributedthis to dis-
tortionduringfixationandstaining.This stage
wasseldomseen,butseveralspecimenswereseen
witheggsintheovarianlumenandstage500cytes
stillwithinthefollicle.
Spermatogenesisoccursin small crypts, in
whichall the cellsare at the samestage.The
developmentand appearanceof the sperma-
togonia,primaryspermatocytes,econdarysper-
matocytes,permatids,andmaturespermfollows
verycloselythedescriptionsgivenbyHyder(1969)
for Tilapia andby Moe (1969)for EpinepheZus
nwrio,andwillnotberepeatedhere..
The gonadaldevelopmentclasses,intendedto
parallelthoseofMoe(1969)andSmith(1965),were
designatedasfollows:
Class 1. Immature female. Stages 1 and 2
oocytespresent,atreticorbrownbodies(Chanet
al.1967)absent.Theovarianlamellaearepressed
closelytogetherandthelumenissmall.
Class2. Restingmaturefemale.Oocytestages
1,2,and3 present,with stage2 predominating.
Atreticbodiesareusuallypresent.
Class3. Activematurefemale.Oocytestages3
and4predominatein thelamellae.In lateclass3,
stage5oocytesarealsopresent.
Class 4. Postspawning female. Ovary is
disrupted,with many empty follicles in the
lamellae.Somedegeneratingstages4 and 5
oocytesareusuallyfoundinthelamellaeandlumen,
respectively.
Class 5. Transitional. Seminiferouscrypts
begintoproliferateinthelamellae,butsomestage
2 oocytescanbeseen.Theseoocytesdegenerate
anddecreasein numberasspermatogenica tivity
beginstodominatethegonad.
Class 6. Inactive male. Crypts containing
primary and secondaryspermatocytespre-
dominate;fewspermatidsandmaturespermare
seen.
Class7. Active male.Spermatidsand tailed
spermincreasein abundanceuntil, in the ripe
phase,spermaredenselypackedin thecollecting
ductsandmanycryptshavecoalesced.
Class8. Postspawningmale.Ductsarestill ex-
panded,butfewspermcanbeseenin them.Many
newcryptscontainingspermatogoniaarepresent.
Thisapparentlyis ashort-livedstagethatrapidly
giveswaytotheresting(class6)testis.
Fecunditydeterminationsweremadebycount-
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FIGURE I.-The relationshipof dorsalspine radius to standard
lengthfor 117specimensof Pimelometoponpulchrumfrom Cat-
alinaIsland.Oneocularmicrometerunit equals0.033mmat30x.
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tovariabilityin thelocationofthecutmadeacross
thetaperingspine.
(2)Theincrementof distancefromthelastan-
nulustotheouteredgeofthespineshouldincrease
withthetimesincetheformationof thatmark.If
onemarkisformedeachyearataparticulartime,
theaveragemarginalincrementshoulddropto
nearzeroat thetimeof annulusformation,then
steadilyincreasefor the rest of the year.This
patternis shown(Figure 2) for 77 California
sheepheadfrom Catalinatakenthroughouthe
year.Successiveagegroupsdidnotdiffer in time
ofannulusformation,sothedataarecombinedfor
allagedfish.Thedistincthyalinebandsappeared
tobeformedinJuneandJuly,at thebeginningof
theperiodofwarmingwaterin theCatalinaarea
(Quast1968).Formationofgrowthmarkshasbeen
foundto occurin otherinshoreCaliforniafishes
atasimilartime(Joseph1962;Norris1963;Clarke
1970).Ring formationalsooverlapswith theini-
tiation of reproductiveactivity, althoughegg
productionandspawningcontinuewell intoSep-
tember(seebelow).
(3)Lengthsof P. pulchrum at previousages
were calculatedby a modifieddirect-propor-
ing yolkyoocytes.A thick cross-sectionof the
ovarywascutfromnearthemiddleof the lobe,
weighed,andthen~gitatedto dislodgeas many
oocytesas possiblefrom the ovarianlamellae.
Oocytesremaininginthelamellaewereteasedout
sothata completecountcouldbemade.An es-
timateofthenumberofyolkyoocytespergramof
ovary couldthen be madedirectly from the
sample.Thetotalnumberofeggsintheovarywas
thenapproximatedby multiplyingby the total
weightof theovary.
Relativeabundanceof colorationtypeswases-
timateddirectly from field observations.To
eliminatethe effectsof any differentialdepth
distribution,visualtransectswereeitherrunper-
pendicularto depthcontoursor werecompiled
froma seriesof equalengthrunsparalleltosuc-
cessivecontours.Transectswereapproximately50
.min length.Thenumberof Californiasheephead
in eachcolorphasewasrecorded.It wasassumed
thatbothcolorationtypesareequallyvisible,and
thisisprobablyvalid.Californiasheepheadarenot
secretivewhenadults;only juveniles tend to
remainclosetocover.Largermalesappearwarier
thanotherindividuals,but still remainin sight.
Theproblemin observingCaliforniasheepheadis
notinavoidance,butinquisitiveness.Occasionally
transectshadto beabortedbecauseof the ten-
dencyofPimelometopontofollowthediver.
RESULTS
AgeandGrowth
Van Oosten(1929)setforthcriteriafor theac-
ceptanceof annulion scalesor bonesas yearly
marks.Thesecriteriaapplyequallywelltospines,
andareasfollows:(1)Thespinemustremaincon-
stantin identityandgrowproportionallywiththe
fish.(2)Onlyonemarkmustbeformedeachyear.
(3)Thebodylengthscalculatedbyusingprioran-
nulionthespine(back-calculatedlengths)should
agreewith the actuallengthsof youngerage
groups.
Thecriteriawillbediscussedin order.
(1) Dorsalspineswere certainly constantly
identifiablein all individualsof P. pulchrum
examined.The relationshipof spine radius to
standard length (Figure 1) is satisfactorily
expressedinalinearfashion(r =0.787)andthere
_.is noapparentindicationof allometricgrowthof
thespine,at leastfor fishesof lengthsgreater
than130mm.Muchofthescatterin thedataisdue
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FIGURE 2.-Mean marginalincrementsfor six bimonthlyinter-
vals from 78specimensof Pimelometoponpulchrum from Cat-
alina Island.Samplesizesareshownfor eachinterval,and95%
confidencelimits for themeanaredrawnoneithersideof each
paint.
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Table1 showstheback-calculatedlengthsfor
100CaliforniasheepheadfromCatalinaovereight
age groups, derived from spine radius
measurements.Themeansfrombackcalculation
arealsogivenin Figure 3 for comparisonwith
empiricaldata.The meanstandardlengthsfor
eachage(Figure3)demonstrategoodagreement
withtheback-calculateddata.
Thereappearstobea slightslowingof growth
after thefourthyearin theCatalinaCalifornia
sheepheadpopulation.Thismayreflecttheonset
of a diversionof a significantamountof energy
into egg production,since most 4-yr-oldfish
examinedwere maturefemales(seebelow).A
secondperiodof morerapidgrowthis suggested
aftertheseventhyear,at anagewheremanyof
theCatalinaCaliforniasheepheadarebeginning
to transformfrom femaleto male.Thereis no
evidenceforadecreaseintherateofgrowthupto
age13,wheretheaveragestandardlengthis 470
mm.Pimelometoponpulchrumis quitecapableof
growinglarger thanthis, andsomeindividuals
TABLE l.-Back-calculatedlengthsfor agegroups1through8of Pimelometoponpulchrum
fromCatalinaIsland.
Mean lengthof
Back-calculated lengths (mm) for agesAge
of subsampletotal sample
group
N(mm) (mm)12345678
1
8 100 11697
2
16 158 55100127
3
2 9 976396
4
23 238245700
5
1 46 434'1853
6
8 7299
7
28 4854
8
35 36458
Overall means of calculated lengths
117
Number of individuals
00
tionality methodgiven by Rounsefell and
Everhart(1953)asfollows:
L' - C Sf
L - C =8'
whereL =lengthofthefishatthetimethespine
wasobtained,Lf =lengthatthetimeaparticular
annuluswasformed,S =totallengthofthespine
radius,andSf = lengthalongthespineradiusto
theannulusin question:ThetermC is a factor
usedtocorrectfor thelengthobtainedbeforethe
spinewasformed,andis estimatedby theinter-
ceptofthelengthaxisonafishlengthversusspine
radiusplot(Figure1).In thecaseof theCatalina
Californiasheepheadpopulation,C wasequalto
47.2mm.
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havevery long lifespans.Fitch and Lavenberg
(1971)mentiona32-inch(815-mm)maleagedat53
yr,andan8.3-kgfemale,nolengthgiven,thatwas
30 yr old. Although exactage determination
becomesdifficultforlargeandoldindividuals,it is
occasionally·possible.The largest California
sheepheadencounteredin this studywerea 592
mmSL male,20yr of age,anda538mmSL male
whichhadlived18yr. Size-agedistributionscan
varyfor differentlocations.In a sampletakenby
theCaliforniaDepartmentof FishandGameata
spearfishingmeetat San Pedro, Calif., on 28
March1971,themeanstandardlengthfor males
was661mm(range545-745mm)andfor females
was450mm(range294-656mm).
The patternat GuadalupeIslandis different
fromthatatCatalina(Figure4).Whilethesample
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FIGURE 3.-Mean standardlength versusage in the Catalina
populationof Pimelometoponpulchrum.Samplesizesareshown
for eachinterval,and 95%confidencelimits for the meanare
drawnon either sideof eachpoint.Meansfor back-calculated
lengthsareshownfor comparison.
is smallerandmorevariablethanthatfromCat-
alina,a markedtendencytowardsdwarfingis
clear.Judgingfromthemeanlengthsof eachage
class, the GuadalupeCalifornia sheephead
completetheirfirstyearof growthat a standard
lengthabout20mmshorterthanthoseatCatalina.
Foreachofthenext3yr theyfall behindanaddi-
tional10mm,afterwhichrelativegrowthslows
evenmore.Bytheeighthyear,themeanstandard
lengthofGuadalupeCaliforniasheepheadisafull
100mmlessthanthatfoundatCatalina.
In spiteof thedwarfing,theGuadalupepopula-
tion showssomeinterestingparallelswith Cat-
alina.Theslowingof theaveragerateof growth
atthetimeofmaturity(agefour)ismorestriking
here,andgrowthappearsto pickupagainafter
thesixthyear,bywhichtimeat Guadalupemost
individualsaremales(seebelow).This suggests
thatan increasein thegrowthrateis associated
withsexchanges,atopiccoveredmorefully in the
480
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FIGURE 4.-Mean standardlengthversusage in the Guadalupe
Islandpopulationof Pimelometoponpulchrum.Samplesizesare
shownfor eachage,and 95%confidencelimits are drawn on
eithersideof eachpoint.
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alamellarportioninthemostventralsectionofthe
gonad,similarto thatdescribedby Smith(1965)
forsomeserranids.
In thefemale,oogenesistakesplacewithinthe
lamellae.Whentheeggripens,it breaksintothe
centralumen,whichleadstothecommonoviduct.
Someoocytesare interruptedin their normal
developmentand undergoa degenerationinto
varioustypesofcorpora tretica(Figure5).These
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During sexual transformation, crypts of
developingspermatocytesappear,firstatthebase
of theovarianlamellae,andthenthroughouthe
gonad (Figure 7). Unshed eggs and nonvi-
tellogenic(stage2) oocytesaregraduallyreab-
sorbedand the numberof lamellaevisible in
cross-sectionarereduced.Thebasicstructureof
thegonadremainsovarian,with a centrallumen
into which the lamellaeprotrude.The lumen
FIGURE 5.-Degeneratingoocytes(doc)in the lumen of a resting ovary of Pimelometopon
pulchrum.SpecimennumberPP411,217mmSL.
havebeendescribedbrieflyfor serranidsbySmith
(1965)andin detailforMorwpterusalbusbyChan
et al. (1967).Chanandhiscolleaguesdiscussthe
possible ndocrinefunctionof atreticstructures,
andstatethatall typesof corporaatreticaeven-
tuallyendupasbrownoryellowishbodieswhich
are long lastingin thegonad.In P. pulchrum,
brownbodiescanusuallybefoundnearthegonad
wall andin thecentralportionof the lamellae.
Judgingfromthenumberoftheseterminalphase
corporaatreticain resting(class2)femalescom-
paredwiththeusuallygreaternumberof earlier
stageatretics(Chanet al.1967)in postspawning
females,the brownbodiesareprobablyformed
frommorethanonedegeneratingoocyte.
Brownbodiesarealsofoundin malegonads;
someof thesearealmostcertainlytheresultof
oocytedegenerationi thepreviousfemalephase
(Figure 6), while othersmay be the result of
degenerationandcoalescenceofunshedsperm.
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howevernolongerfunctionsin gametetransport
andspermarecollectedinaseriesofsinusesonthe
peripheryof thegonad,reachingtheoutsideby
meansof ductsin the wall of the now unused
oviduct.This is very similar to the anatomy
describedbyReinboth(1962,1970)forotherlabrid
secondary(sex-reverned)males.No testesof the
primarytypewereseen.
TransformationSchedule
To illuminatethe life historypatternsof the
California sheepheadpopulations,the gonad
developmentclassesweregroupedinthefollowing
way:
Immature:Class1only.
Female:Classes2,3,and4.
Transitional:Class5only.
Male:Classes6,7,and8.
The distributionof sexualtypesby standard
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lengthforP. pulchrumfromCatalinaIsland(Ta-
ble2)andGuadalupeIsland(Table3),aswellas
therelativefrequenciesfor eachsizegrouping
(Figure8),aresimilarinbothlocalitiesin thatthe
750JI
smallsizeclasses.aremadeupexclusivelyof im-
maturefemales.Maturefemalesaremostabun-
dantin thenextsizeclasses,andthenbecomeless
numerousas malesbegin.topredominatein the
FIGURE 6.-Degeneratingoocytes(doc)in the lumen(I) and lamellae(la) of the gonadof a
transitionalindividualof Pimelometoponpulchrum.SpecimennumberPP405,317mmSL.
FIGURE 7.-Spermatogeniccrypts (shownby arrows) developingin a gonadallamella"of a
transformingPimelometoponpulchrum.Stage2 oocytes(oe)anda corpusatreticum(ca)can
alsobeseen.SpecimennumberPP405.317mmSL.
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FIGURE S.-Proportions of each sexual type in successive 2 cmstandard length groupings for the Catalina Island (top) andGua lupe Island (bottom) populations of Pimelometopon
pulchrum.
TABLE 4.-Frequency of sexual types in each year class of Pimelo-
metop nulchrum.Age Number
MatureMature
class of fish Immature female Transitionalmale
Catalina
17 700 0
population
23 330
3
4 4
4
4 535 11
5
0 25
6
2 16 8
7
15 91
8
4
9
8 2 6
10+
8 1 7
Totals
22879 .2
Guadalupe
439
9
6
Tot ls
803
thesexualtypesin eachageclassare graphed
(Fig r 9).Thecurvesarebasedonthefrequencydistributio slistedin Tabl 4.
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TABLE 2.-Frequency of sexual types in each 20-mm size class for
the Catalina Island population of Pimelometoponpulchrum.Standard
NumberMatureMature
length (mm)
of fishImmaturefemalTransiti nalMale
<100
77000
100-119
55
2 3
66
4 5
2828
6 7
11
8 9
41
2 2
3459
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3 3
7
"360- 79
8 7
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TABLE 3.-Frequency of sexual types in each 20-mm size class for
the Gu dalupe Island populati n of Pimelomet ponpulchrum.Standard
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largestsizes.Transitionalswerefoundin inter-
mediatesizes,in numberswhichvariedseasonally
(seebelow).
At Catalina,mostCaliforniasheepheadmature
at standardlengthsbetween190and 230mm.
Sexualtransformationoccursovera broadersize
rangebeginningat 250mm,with a peakof ac-
tivity apparentlyoccurringat standardlengths
between310and330mm.
The dwarfing phenomenonfound in the
Guadalupepopulationis againevident(Table3,
Figure8).Maturitybeginsat a lengthnear140
mm,andthemajorityof individualsaremalebya
lengthof 210mm.Peaktransformationactivity
appearstooccurin thepopulationin fishesrang-
ingfrom190to230mmin standardlength.
The actualtime coursesfor all theseevents
becomevidentwhentherelativefrequenciesof
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FIGURE 1O.-Numberof individualsof Pimelometoponpulchrum
in eachmaturegonadaldevelopmentclassfrom monthlysamples
takenatCatalinaIsland.
developmentclassesfor 166Californiasheephead
fromCatalinaisshownin Figure10.As expected,
immaturefishes,which are not shownin the
Figure,occurthroughouttheyear.Restingstage
females(class2)wereencounteredfromAugust
throughMay,andpredominatedfromOctoberto
April.Activefemales(class3)werepresentMay
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FIGURE 9.-Proportions of sexualtypes in each year classof
Pimelometoponpulchrum from Catalina Island (top) and
GuadalupeIsland(bottom).The lastagegroupingconsistsof all
fishes10ormoreyearsold.
Distributionof GonadDevelopment
ClasseswithTime
Theactivestateof gonadsmaybedetermined
directlythroughhistologicalexaminationor in-
ferredfromtheappearanceandthesizeof gonad
(gonadindices).
The seasonaldistribution of maturegonad
In bothpopulations,sexualmaturitybeginsin
thefourthyearof life for virtuallyall members.
Byusingagegroupings,theskewnessintroduced
by the dwarfingat Guadalupeis removed,and
differencesin the transformationactivitytime
schedulein thetwopopulationsarerevealed.At
Guadalupe,malesarepresentin essentiallythe
sameabundanceasfemalesin ageclasses5and6,
andstronglypredominateatage7andthereafter.
Thereforethemajorityof Californiasheepheadat
GuadalupeIslandspendnomorethan2or3yr as
functionalfemales.
Transformationgenerallyoccurslater in the
Catalinapopulation.Most individualsarefunc-
tional females for at least 4 yr, and males
predominateonlyafterage8.
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throughSeptember.Lateclass3gonadswereseen
in July,August,andSeptember,andmostspawn-
ingactivityprobablytakesplacein thesemonths.
Femaleswithpostspawningovaries(class4)were
capturedin low numbersfrom Augustto early
October.Class 4 appearsshort-lived,quickly
recedinginto a restingclass(class2) or transi-
tional(class5)phase.
Transitionalindividualswerefoundonlyfrom
OctobertoMarchat Catalina.Thosetakenin Oc-
toberandNovemberwereallin theearlystagesof
transformation,withmanystage2oocytesanda
fewscatteredspermatogeniccryptsin evidence.
Transitionalscapturedin FebruaryatCatalinaor
in Mayat Guadalupeweremoreadvanced,with
few stage2 oocytesand spermatogenicrypts
dominatingthegonad.
Mostmalesat Catalinawereinactive(class6)
fromOctoberthroughApril,closelyparallelingthe
period seen for females. Active gonads
predominatedin samplesfromfishtakenin May
throughSeptember.Again thepatternsuggests
thatspawningactivitytakesplacefrom August
throughearlyOctober.
Furthersupportfor designatingthisperiodas
thespawningseasoncomesfromthegonadindices
(Figure 11) of Catalina females caught in
differentmonths.Thesereflecta similarpattern
_. seenin theanalysisofgonaddevelopments ates.
After a quiescentperiodfrom Octoberthrough
April,theovariesbeginto increasein sizeuntila
maximumis reachedin June andJuly. Spawning
reducestheaverageindexsteadilyfromthenuntil
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September.Therestingvalueis thenseenagain,
remainingconstanthroughthewinter.
The indexusedwas gonadweight scaledto
compensatefor differentlengthsof individuals.
Whenonlythematurefemaleslessthan310mmin
standardlengthareincludedin theanalysis,the
relationshipbetweengonadweightandstandard
weightis sufficientlylinear(Pearsoncorrelation
coefficient= 0.845[P <0.001]on 24individuals
caughtin June)thattheuseof thefollowingfor-
mulaisjustified:
Gonad index = (gonad weight in grams) (100)
(standard length in mm)
Thesizerangeusedincludesthegreatmajorityof
reproductivef malesatCatalina.
An analysis of the spawning seasonof P.
pulchrumat GuadalupeIslandwasnot possible
duetothelackofyear-roundsampling.·
Multiple SpawningandFecundity
Twoormoredistinctgroupsofripeningoocytes
were usually apparent in the ovaries of P.
pulchrumexaminedin June and July. The size
distributionof yolkyoocytesin anovariancross-
section(Figure12)from a female,244mmSL,
capturedatCatalinainmid-July,showsthatthere
isonegroupofeggsreadytobespawned,andthat
two other distinct groupsare undergoingvi-
tellogenesis.Thistypeofsuccessivematurationof
severalgroupsof oocytesis termedasynchrony,
andis characteristicof speciesthat havecom-
parativelylong breedingseasonsand multiple
spawningsby individualswithin eachseason
(YamamotoandYamazaki1961).
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FIGURE H.-Average gonadindicesfor monthlysamplesof ma-
ture femalePimelometoponpulchrum,all of standardlengths
lessthan300mm.Samplesizesare shownabovethe bracketed
lines,whicharethe95%confidencelimitsof themean.
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FIGURE 12.-Size distribution of yolky oocytesin an ovarian
cross-sectionof a244mmSL femaleof Pimelometoponpulchrum
captured22July at Catalina Island. The oocytesare alsoclas-
sifiedaccordingtotheirdegreeof development.
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Warner in press).As long as the numberof eggs
perunit weightof ovarydoesnotvary appreciably
with size or age,weights of active prespawning
ovariescan beusedto representrelative fecundi-
ties.The last columnof Table 5 showsthere is no
apparent effect of fish length on egg density
within theovary.
Comparison of ovary weights and standard
lengthsfor maturefemalescapturedat Catalina
in June andJuly (Figure 13)showsthat fecundity
increasesexponentiallywith the length. The ex-
. ponentialequation:
W =1.31X 10-3L2.95
(W = gonad weight, L = standard length) in-
dicates that the increaseof gonad weight with
fIGURE 13.-0vary weightversusstandardlengthfor femalesof
Pimelometoponpulchrumcapturedin June andJuly at Catalina
Island.
Further evidencefor multiplespawningis seen
in the ovaries from some females captured in
August and early September.There were a few
mature eggs free in the lumen and numerous
emptyfolliclesin the lamellae,both indicationsof
recentspawning.At thesametime,anothergroup
of vitellogenicoocyteswere observeddeveloping
in the'lamellaeand thesewouldpresumablyhave
beenspawnedat a later time.
As Yamamotoand Yamazaki (1961)point out,
the presenceof multiple spawning complicates
any determination of the number of eggs
produced each year by an individual fish. Es-
timatescanbemadefrom ananalysisovertimeof
frequenciesof eggdiameters,suchasthat doneby
Clark (1934)for Sardinopscaerula.Suchanalyses
requirea largesampleoverthe maturesizerange
andthiswasnotavailablefor P. pulchrum.
Countsof the yolky oocytesin subsampl~sof
ovariesmadefor California sheepheadfemales
capturedin July (Table 5) are probably overes-
timatesof thenumberof eggsspawnedduringthe
TABLE 5.-Estimatesof the totalnumberof vitellogenic'oocytes
and densityof thoseoocytesin the ovariesof Pimelometopon
pulchrumcapturedat CatalinaIslandin July 1970.
EstimatedEstimated
Standard
Weight ofnumberofnumberof
le gth
Dateofovaryy lky oocytes,yolky oocytes
(mm)
captu e(9)totale gram of ovar
209
7/246.8736,0685,250
235
21 694,2704 4
8
536 8 6
54
128 001 1,506,125
80
7 88 3 125
311
50 2 5 9309 13 734 7 04
9
41 5 1
Mean and 5% confidence limits of oocyte density, oocytes per
gram=5,377±499.
season.This is because,as pointedout above,the
relationshipbetweenthenumberof theseoocytes
andthenumberactuallyspawneddependson the
survivalrate of the oocytesto maturity and the
proportionthatareactuallyejectedfrom thebody.
Thesmallernumbersof stage5oocytesrelativeto
stages3 and4 (Figure 12)indicatesa lossduring
development.Therearecertainlysomeeggsleft in
the lumen of postspawning females. These
degenerateand are presumablyabsorbedduring
therestingphase.
For an analysisof the functionalsignificanceof
sequentialhermaphroditism,actualegg numbers
arelessimportantthandataontherelativevalues
for age-or size-specificfecundities(Williams 1966;
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FIGURE 14.-0vary weightversusagefor femalesof Pimelomet-
()]!onpulchrum capturedin June andJuly at CatalinaIsland.
in lengthfrom245to315mm.andwerecaptured
in June, July, andDecember.Examinationof a
largeseriesofgonadcross-sectionsfromthesein-
dividualsrevealedafewstage2oocyteswithinthe
lamellaefromtwocapturedin July. This canbe
takenasevidencefor arecentsexchange.All the
othershadgonadsof completelynormalmaleap-
pearance.
Fieldnotesrevealedthatallof theseindividuals
weremelanistic,and70%wererecordedashaving
somemaleexternalcharacteristics,suchasasmall
nuchalhumporslightdifferentialdarkeningsof
eithertheheador tail regions(seebelow).This
suggeststhe possibilitythat someof thesein-
dividualsmayhavebeenincorrectlytypeddueto
thegroundcolorbeingobscuredbymelanin.
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lengthconformstoasimplecubelawrelationship,
whichwouldbeexpectedif gonadweightremains.
someconstantproportionofthetotalweight.The
exponent2.95wasdeterminedby a least-squares
regressionfit to a logarithmictransformationof
thedata.Theconfidencelimitsaroundtheregres-
sionlinebecomeincreasinglylargewith higher
valuesof Wand L, andthecurveshouldnotbe
usedfor extrapolationsbeyondtherangeof the
data.Ovaryweightsinrelationtoageareshownin
Figure14.Therearefew datafor theolderage
classes,butthereis a definitepositivecorrelation
ofthefecundityandtheageof theindividual.
Coloration,Sex,andFieldDistribution
ofColorationTypes
TheCaliforniasheepheadisfoundinthreemain
colorphases(Crozier1966),allofwhichareclosely
correlatedwithsexualstate.
For the first year,P. pulchrumhasjuvenile
coloration,a goldor salmonbodycolorwithblack
spotsontheanalfin, theanteriorandposterior
portionsof the dorsalfins, and on the caudal
peduncle,andwithasilverlateralstripeextending
fromtheeyetothecaudalfin.Crozier(1966)stated
thattheinitialbodycolorwasgold,andthiswas
graduallyreplacedbythereddishadultshade.The
juvenilecolorationwasseldomseenin individuals
over100mmSL, andhasneverbeenfoundin
sexuallymatureindividuals.
Themostcommoncolorpatternof P. pulchrum
is a uniformroseor salmoncolor,coveringthe
entirebodywiththeexceptionofthechin,whichis
usuallywhitein matureindividuals.Them~dian
andpelvicfinsaredarkerthanthebody,ranging
fromduskyredtoblack.Thepectoralfinsusually
matchbodycolor.Uniformcolorationmaybeob-
scuredbya melanisticonditionwhichcausesthe
entirebodyto appearbrown.Thisoccursin vary-
ingdegrees,makingthefishappearalmostblack
inextremecases.Elevenpercentof theuniformly
coloredfishcapturedat Catalinaweredesignated
melanistic,aswereone-thirdof alluniformtypes
atGuadalupe.
A uniformcolorationis characteristicof imma-
turefishaswellasmaturefemales.Histological
analysisindicated,however,thattherelationship
was not perfect.At Catalina,3.5%of the in-
dividualsdesignateduniformin colorweredis-
coveredtohavemalegonads.Whenonlysexually
matureuniformlycoloredCaliforniasheephead
weretallied,5.1%weremale.Thesemalesranged
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Males in uniform colorationare morefrequent
in theGuadalupepopulation.A total of 6outof 57
(10.5%)uniformly coloredindividualswere males.
Elimination of immature fish from the count
raisesthefigureto12.3%males.Four of thesixwere
melanistic,one of these with slight male char-
acteristics.The other two individuals possessed
normaluniformcolorationwith no darkening.
In thethird colorphasetheheadregion,includ-
ing the opercle,is dark brown or black.The chin
remains white, and the midsection retains the
reddishhue of the uniform type. The caudalpor-
tion, beginningapproximatelyon a line connect-
ing the initial soft rays of the dorsal fin with the
anteriorlimit of theanalfin, is alsodark brownor
black. The median fins and pelvics remain
generally dark in color, and the pectorals may
acquirea dark bandat their tips.
This colorationis foundexclusivelyin malesand
sometransitionals (see below). It is usually ac-
companiedby two other male secondarysexual
features commonin the Bodianinae, the nuchal
humpand filamentousextensionsof the median
fins.Thehumpappearsto increasein relativesize
as the malegets larger, making the headappear
increasinglyangularin profile.No individualwith
this bicoloredpattern was found to have func-
tional ovaries.During the breeding season,the
patternservesasan excellentindicatorof a func-
tionalmale.
Individuals classifiedas transitional varied in
coloration. Of 11 transforming California
sheepheadfor which coloration records exist, 3
were scoreduniform in colorand 2 as bicolored.
Theremaining6wererecordedasintermediatein
coloration,usuallyinvolvinga slight darkeningof
thehead,caudalregion,orboth.The threeuniform
individuals were classedas early transitionals
(large amounts of stage 2 oocytes still in the
gonad);the two bicoloredfisheswere classedas
late transitionals (only a few degenerating
oocytesin thegonadcross~sections).
The distributionof uniform andbicoloredtypes
in field populations,determinedby visual tran-
sects (Table 6) shows that bicolored males are
presentin remarkablysimilar proportionsin both
localities,occurringin a ratio of about5.5uniform
individuals to every bicolored individual. Con-
fidencelimits for estimating the proportion of
bicolored individuals were calculated from a
binomial distribution, n = 216and 407for Cat-
alina Island and GuadalupeIsland, respectively
(DixonandMassey1969).
TABLE 6.-Numbers of colorationtypes in two populationsof
Pimelometoponpulchrum,determinedbya seriesof visualtran-
sects.
No. ofNo. ofProportion p ofNo. of
uniformbic l redbic lored typesLocality
transectsytypeand 95% c f. limit
Catalina Island
70183330.1 3±0.048
Guadalupe
933464 7 35
DISCUSSION
AnatomicalFeaturesoftheGonad
andSexualTransformation
Theovaryof P.pulchrumis essentiallyidentical
with that of the labrid Gorisjulis, which was
studied in detail by 'Reinboth (1962).Reinboth,
however,did distinguish between the testes of
thoseG.julis born as males(primary males)and
those that becomemales through sex reversal
(secondarymales).In the former, the testis ap-
pears rather solid and flattened,and sperm are
transportedby meansof a single vasdeferensin
eachlobe.Thesecondarymalehasa testislike that
describedhere for P. pulchrum.The two types
differ in the structure of the vas deferens
posteriorto thegonadallobes,whichsurroundsthe
oldoviductin secondarymales,but is asimpletube
in primary males(Reinboth1970).
Whenprimaryandsecondarymalesarepresent
in a single species,Reinboth (1970)termed the
speciesdiandric.When only secondarymalesare
present, the species is termed monandric. To
Reinboth's (1970) list of monandric species
(Labrus turdus, L. merula, L. bergytta,
Hemipteronotus novacula, and possibly L.
bimaculatus)we may add P. pulchrum.Other
labrid specieshave beenstudied without regard
for theprimary-secondarymalephenomenon(Atz
1964;Reinboth 1970),and cannot be categorized
with certaintyasmonandricor diandric.
The transition from a functional ovaryto a tes-
tis hasbeendescribedin detail for labrid fishesin
both naturally occurring situations (Reinboth
1962;Sordi 1962;Okada 1962;Roede 1972)and
under the influence of hormone administration
(Reinboth1962,1963;Roede 1972).Thesereports
are essentiallyin agreementwith the presentob-
servationsonP.pulchrum.There is noevidenceof
synchronoushermaphroditism(Atz 1964:147)in
theLabridae,but Robertson(1972)foundsperma-
togeniccryptsin theovariesof 28of 29femalesof
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Labroidesdimidiatus,and 15of thesehad crypts
with spermor spermatids.Thus,the possibilityof
encountering a synchronously hermaphroditic
labridspeciesshouldnot beruledout.
TransformationSchedule
Pimelometoponpulchrumfits the generallabrid
patternof sizeandsexdistribution.No maleswere
foundsmallerthan 230mmSL at Catalina Island,
andnonesmallerthan 150mm at Guadalupe.The
longersizeclasses(above350mm and 230mm at
Catalina and Guadalupe, respectively) contain
mostlymales.
Datafor labrid sexualityareusuallyin theform
of size frequency distributions of males and
femaleswithin a species(Atz 1964;Remacle1970;
Roede1972).Someof thesestudieshavebeencon-
foundedby thepresenceof two distinct colorpat-
terns, the investigatorswrongly assumingstrict
sexualdichromatism(seebelow). An additional
complicationis the possibility of two different
types of males being present in some species,
usuallywith different life historiesand behavior
(Reinboth 1970).Both of these problems are
eliminated by histological examinations of the
gonad,which also revealsthe presenceof inter-
sexualor transitionalindividuals.
The absence.of males from the smaller size
classesat least suggests protogyny. However,
similarpatternscanalsoresultfrom samplesof a
speciesexhibiting differential growth rates for
thesexes(e.g.,seeStrasburg1970,for weight and
sex distributions of blue marlin, Makaira
nigricans),and this should be taken into con-
sideration.
Fourteen of the fifteen labrid specieseither
reviewedor dealtwith originally by Roede(1972)
had similar patterns of length-sex distribution.
Femalespredominatedin thesmallersizeclasses,
malesin the larger.Theproportionof malesin the
smallersizes(usuallyassociatedwith a particular
colorpattern; see below)varied from practically
none in some species of Halichoeres and
Herl'dpteronotusp to nearly 30%for Stethojulis
strigiventer (Randall 1955). Males became
increasinglycommonas lengthincreasedand the
longestsizeclassesconsistedalmostexclusivelyof
males.
Speciesof the genusSymphodus(Crenilabrus)
appeared to exhibit a different pattern, with
nearlyequalnumbersof malesandfemalesin the
smallsizeclasses(S6ljan1930a,b).Remacle(1970)
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believedthatsexreversalis a rarephenomenonill
this genus.
Age determinations allow several more
inferences about the sexual life history of a
species.Whenfew ornoyoungmalescanbefound,
there is strong evidencefor protogyny sincethe
possibility of differential growth is eliminated.
The rate of transformation in different age
classescanbeestimated,andthis providesan idea
of how long the average individual spends in
different sexualphases.Finally, by comparingthe
distributionof sexversuslength with sex versus
the age of the individual, it may be possibleto
assigna morecritical role to oneor the otheras a
causativefactor for sexreversal.
The ageat first maturity (4yr) doesnot differ
for P. pulchrum at Catalina and Guadalupe
Islands, but the distribution of sexual transfor-
mation with age differs markedly. Most in-
dividualsin bothpopulationsfunction at least1yr
asfemales.At Guadalupe,manychangesexafter
1yr, and mostare maleswithin 3 yr after matur-
ing. Most sexreversalsoccurat Catalina between
the seventhand eighth year,4 yr after maturing
as a female.Someindividuals remain female for
shorter or longer periods of time. The oldest
femaleencounteredin this studywas 17yr old.
The dwarfingphenomenonat Guadalupe,which
shouldbring ·abouta slower rate of increaseof
fecundity with age,would haveenougheffect to
decreasethe optimum age of transformation in
that populationwhen comparedto the Catalina
population.This will be discussedin detail else-
where(Warner in press).
LonnbergandGustafson(1937)determinedthe
agesof a seriesof specimensof Labrusbimacula-
tus (as L. ossifagus)which they correlatedwith
sexualstate.Theyfoundthatsexreversaloccurred
in individuals from age sevenonward, and was
associatedwith a colorchangefrom red to blue-
striped. Females were fou.nd in diminishing
numbersup to age 18,mostlyconfinedto the red
phase.Males in thered phaserangedfrom around
3to 7yr old;blue-stripedmalesgot asoldas 25.
Other protogynous teleosts which have been
investigated regarding age of transformation
showa variety of patterns in the distribution of
sex reversal over their life-span.>Liem (1963)
demonstrated that sex transformation in the
synbranchid rice eel Monopterusalbus occurs
mainlywhenindividualsreachabout30moof age
(about 35 cm in length). Few fishes in nature
deviatedfrom this pattern. Liem (1963)was able
WARNER: REPRODUCTIVE BIOLOGY OF PIMELOMETOPON PULCHRUM
FIGURE15.-Meanlengthsfor successiveageclassesof malesand
femalesofPimelometoponpulchrum,Samplesizesareshownfor
eachpoint,andstandarderrorbracketsaregivenwhensamples
arelargeenough.For clarity,standarderror bracketsfor males
pointto theright,andbracketsfor femalespoint totheleft.
to induceearlier transformationsby starving the
individuals.Moe (1969)has carefully worked out
theagedistributionof sexreversalin theserranid
Epinephelusmorio,and found a rather smooth
periodof transition from female to male over at
least5yr (ages5 to 10),at a rate of about15%of
the individualsin a year classreversingper year.
In a 'less comprehensivesurvey,McErlean and
Smith (1964)estimated that transformation oc-
curredat age10or 11in Mycteropercamicrolepis
(Serranidae),and speculatedthat the age of the
fish had more effect on sex reversal than the
length.
To determinetheeffectof individualsizeonsex
transformationin P. pulchrum,meanlengthsof
malesand females in eachage classwere com-
pared(Figure 15).If lengthis closelyrelatedtosex
reversal,onewouldexpectmalesto belarger than
femalesof the sameage, and this was found in
boththe Catalina and Guadalupepopulations.In
everyagegroupingwheresamplesizepermitted
statisticalanalysis,malestendedtobelarger than
females.Five of thesevengroupstested(one-sid-
150_
14
5
ed t-test for difference in means) were sig-
nificantlydifferent at the 5%levelor less,andthe
remainingtwo weresignificantat the10%level.
An assessmentof the effect of age on sex
reversalwas madein similar fashion, comparing
the meanagesof malesandfemalesin successive
size groupings (Figure 16).If sex reversal were
closelyrelated to the age of an individual, then
maleswould tend to be older than females in a
givenlengthgroup.The relationshipbetweenage
andsexis lessstrong(Figure 16).Samplesizesare
not large,and therange of agesencounteredin a
sampleis smallrelativetomeasuredlengthvalues,
so fewer significant results might be expected.
Only onesizegroupwas foundwheremaleswere
significantlyolderthanthefemales.However,the
existenceof several large negative t values in
groupswhere the age of femalesis greater than
that of malessupportsthe idea that size is more
importantthanagein effecting sexchange.
The high averageage of femalesin the larger
sizegroupingsof bothpopulations(Figure 16)was
not expected,and suggests that the individual
growth rate may alsobe involvedin sexreversal.
The large separationbetweenmale and female
meanagesbeginswith the 300-mmsizegrouping
at Catalina,andthe 200-mmgroupat Guadalupe.
Inspectionof Figure 8 revealsthat at abQutthese
lengths,the proportionsof malesand femalesun-
dergoan abrupt shift. A large percentageof the
individualsin the populationsapparentlyreverse
sexat thesesizes.Furthermore,the differencein
agesbetweenmalesandfemalesof lengthsabove
these"critical" sizesappearstobesignificant.The
meanageof femaleslarger than 300mm at Cat-
alinais 7.9,a full yearolderthanmalesin thesame
sizerange (t31 = 1.51,P<0.10).Similarly, females
largerthan200mmat Guadalupehaveameanage
of 9.5yr, andmalesat that sizerangeaverage7.0
yr (t32 = 2.80,P<O.OOl). Thus the females that
pass through the "critical" lengths without
changingsex appearto be thoseindividualswith
relatively low rates of growth, suggesting both
that slow growing individuals tend to be refrac-
tory to sexchange,andthat fisheswith high rates
of growth changesex more readily. The data of
Figure 15 supportthis idea, as males are faster
growing (larger) membersof each age class. A
checkof theback-calculationinformationrevealed
that the growth rates of the large femaleswere
consistently low throughout their lifetime, and
thoseof thesmallmaleshad beenhigh relative to
,othermembersof theageclass.
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cessive20 mm standard length
groupings of male and female
Pimelometoponpulchrum.Sample
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Thebestpicture,then,thatcanbedrawnfrom
thepresentinformationis that rapidlygrowing
individualsmay transformsoonerthan other
fishesofthesameage.Thebulkofthepopulation,
growingat theaveragerate,eventuallyreachesa
"critical"sizewheremostof themchangesex.
Fishesthatgrowslowlymaynotchangesexatall.
TheBreedingSeason,Multiple
Spawning,andFecundity
BrederandRosen(1966)havesummarizedthe
informationavailableonthespawningseasonsof
labrids.In temperatespecies,mostactivityoccurs
overa periodof approximately3 mo,mostcom-
monlyin April, May, an4 June. The Catalina
populationof P. pulchrumis exceptionalin this
case,sincespawningoccursfrom Augustto Oc-
tober.Thetwootherwrassescommonlyfoundat
CatalinaIslandalsospawnlaterin theyearthan
otherlabrids.Oxyjuliscalifornicaspawnsfrom
Mayuntil October(Bolin1930),andHalichoeres
semicinctusprobablyspawnsin lateJune, July,
andAugust(D. R. Diener,pers.commun.).The
relativelylatespawningseasonsof thesespecies
maybecausedby upwellingalongthesouthern
Californiacoastwhichusuallypersistswell into
JuneorJuly, resultingin adelayof inshorewater
warminguntilthattime(Quast1968).
Multiple spawninghas not often beencon-
sideredin studiesof labrid breedingseasons.
Roede(1972)statedthatlabridshave"continuous,
successivespawningcycles,"andbasedthisview
uponthe presenceof manyvitellogenicoocyte
stagesin matureovariesof thesevenspecieshe
investigated.Shecontendedthereis no resting
stageof the ovary,but a seriesof year-round
spawnings.At alltimesoftheyearshewasableto
find ovarieswith severalstagesof developing
oocytesaswellasthestage2 recruitmentstock.
Thisclearlyis notthecasein P.pulchrum,where
the winter-restingovarycontainsvirtually no
signs of vitellogenesis.Active ovariesof the
Californiasheepheadstronglyresemblethosepic-
tured by Roede(1972,plates II and III) for
HalichoeresandHemipteronotus.The successive
spawningswithinarestrictedseasonindicatedfor
P. pulchrummaythenbeacurtailedversionof a
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year-roundcondition in its presumably tropical
ancestor,representingan adaptationto the fluc-
tuations of food availability characteristic of
temperateregions.
The size-specificincreasesin fecundity seenin
Catalina P. pulchrumare, of course,commonin
most long-lived fishes. Many of the Guadalupe
femaleswerenotsexuallyactivewhenthe sample
was taken and no fecundity data are available.
However, it can be predicted that the average
fecundity of Guadalupe Island individuals will
increaserrmchmoreslowly with age than that of
individualsfrom Catalina,dueto the low growth
rate of the Guadalupeindividualsdiscussedin an
earlier section. If the active ovary weight
increaseswith sizein afashionsimilar to that seen
at Catalina (Figure 13),the averageovaryweight
for a 4-yr-old fish at Guadalupe would be
approximately 8 g. Age class 4 California
sheepheadat Catalinahadovarieswith anaverage
weight of 13.13g. The difference increaseswith
age. Six- and eight-year-old individuals at
Guadalupeshouldhaveovariesweighing 9 and 15
g respectively.Weights for the sameagesat Cat-
alinawere23.1g and53.5g.
In the Catalina population,there may be an
abruptincreasein thefecundityof fishesremain-
ing femaleafter ageseven;this is the agewhere
most sexual transformations occur (compare
Figures 9and14).If suchan increasedoesexist,it
may be an indication of compensationby those
remaining femalesfor the relative gain in age-
specificreproductivepotentialexperiencedby in-
dividuals that do changesex. A more complete
discussionof relativemaleandfemaleage-specific
fecundities can be found elsewhere(Warner in
press).
TheRelationshipofColorandSex
Pimelometoponpulchrumappearsto follow the
general labrid coloration patter~ quite closely,
with a preponderanceof femalesand immatures
in theinitial uniformcolorphase,andtheterminal
bicoloredphasecontaining only males.Thus the
designationof the uniform phaseas the "female"
colorationand the bicoloredphaseas the "male"
coloration(Jordan andEvermann 1898;Fitch and
Lavenberg1971;Miller and Lea 1972)is moreor
less correct, especially when immatures are
includedundertheuniformdesignation(Barnhart
1936;Roedel1948).Dichromatism,however,is not
necessarilyan indicationof sexualdimorphismin
the Labridae, and extensivesampling is usually
neededbefore the relationshipbetweensex and
colorationcanbeaccuratelydescribed.
Many labrid speciesexhibit a numberof color
phases,and thesehave often beenattributed to
sexualdimol1Jhismor to differencesbetweenim-
maturesand adults.Roede(1972)has revieweda
numberof caseswheresuchan interpretationwas
incorrect, being basedon casual observationor
small samples.Apparently there is no strict dis-
tributionof sexwith colorin theLabridaeandthe
onlygeneralizationpossibleis that femalestendto
stronglypredominatein the "first adult" (Roede
1972)colors,and the terminal-phasecolorationis
madeupalmostexclusivelyof males.
In mostspeciesinvestigated,malesmakeup 10
to35%of thefirst adult-coloredindividuals(Roede
1972).In Gomphosusvarius(Strasburgand Hiatt
1957),Halichoeresmaculipinna,H. garnoti,and
Hemipteronotusmartinicensis(Roede 1972),no
malesare found in the initial colorphase.In con-
trast, S6ljan (1930a,b) found that 48%of the
Symphodus(Crenilabrus)ocellatusexamined in
thefirst adultphaseweremales.
The terminal-phase coloration appears to be
muchmorecloselyrestrictedastosex.Of 14labrid
species exhibiting color phases mentioned by
RO€de (1972), the terminal phase consisted
exclusivelyof males in all but two (Halichoeres
garnotiandH. bivittatus).When othercoloration
classesare described,intermediate betweenthe
initial and terminal phases,the proportions of
malesandfemalesin themare alsointermediate.
Roede(1972)notesthat where color changesare
moregradual,as in H. garnotiand H. bivittatus,
the relationshipbetweensizeand sex is the least
exact.
SexRatioandanEstimateofSurvival
Roede(1972)believedthat her collectionswere
true randomsam.plesof populationsand was able
toestimatethesexratio in thesevenlabridspecies
sheinvestigated.Thereweretwo to four timesas
many females as males in all but one species
(Hemipteronotussplendens),which had an equal
sexratio.
ThesamplesofP.pulchrumwerenotconsidered
randomanddirectsexratio estimatescouldnotbe
made.Field transectsat Catalina and Guadalupe
islands yielded a ratio of about 5.5 uniformly
coloredindividualsto everybicoloredmale.To es-
timate the sex ratios of mature individuals, the
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proportionof immaturesandmalesin theuniform
group must be known, and this requires some
knowledgeof mortalityrates.
A roughestimateof mortalitycanbemadefrom
thetransectdataandtheknowncolorcomposition
of eachage.The yearly survivalrate is calculated
usinga modificationof a simplefisheriesestimate
(Ricker 1958).The rate is assumedto beconstant,
andcanbeestimatedas:
, Nt +1s=--
Nt
whereN is the number of individuals in a par-
ticular age class in a sample. Where a large
number of age classes are available, one can
weight the classesaccordingto their abundance
andseparatetwo or moreagesfrom the numera-
tor anddenominator,giving, for example:
32=N3 + N4 + + Nr
N1 + N2 + + Nr-2
For the Catalina populationof P. pulchrum,the
formulausedwas:
36= Ns + Ng + + N13
N2 + N3 + + N7
In this first approximation we assume that
bicoloredfishesare all 8 or more years old, and
youngerfish (ages2 through7) are uniform. The
decisionto use·age 7 as the dividing point comes
from Figure 9, where betweenages 7 and 8 the
proportionof femalesdropsto a low levelandthe
malesbecomepredominant.
From Catalina transectdata,3 is estimatedby:
36 = 33 and3 = 0.735.
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The transectratio canthenbeadjustedto com-
pensatefor bicoloredindividualsyoungerthanage
8 anduniform individualsolderthan age7 by us-
ing proportionsderived from Table 4, and each
age'scontributionto the numeratoror denomina-
torcanbeweightedaccordingto thefirst estimate
of survival derived above.The new estimate of
survival from the adjustedtransect ratio is not
verydifferent from theoriginal,3 = 0.71.
A similar estimate for the Guadalupe Island
population,assumingin thiscasethat theuniform
individualsareages2through7(seeFigure 9)and
adjustingasbefore,is 3 = 0.69.
Mature sexratioscannow beestimated.Using
0.7as the yearly survival rate, about 36%of the
uniform individuals seen at Catalina should be
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mature,andapproximately5%of thoseindividuals
wouldbe male.The ratio of maturemalesto ma-
ture femalesfrom field transectswould then be
derivedas:
_33_+_(1_8_3_X_O_.3_6_X_O._05_)= 36= 0.57
183x 0.36x 0.95 63
or abouttwofemalesfor everymaturemale.
For Guadalupe, about a third (34%) of the
uniform individualsshouldbemature,and 90%of
thesewouldbefemale.Thesexratio at Guadalupe
wouldthenbestestimatedas:
64 + (343x 0.34x 0.1) 76
= 105=0.72
or approximately three females for every two
males.
An artifact of protogynoushermaphroditismis
the concentrationof femalesin the youngerages.
Thus,the observedsexratio dependsonwhenthe
animals changesex, and upon the mortality oc-
curring from year to year. Mortality causessex
ratios to be biased towards females and these
becomeevenmorebiasedthegreater the average
age of transformation is in the population.This
effectcanbeseenby comparingtheestimatedsex
ratio of the Guadalupepopulation (0.72),where
most females changesex within 3 yr after ma-
turity, with that of Catalina (0.57),where trans-
formationis relativelydelayed.
Thedeviationsof sexratio from unity seenhere
should not be taken as contradictions of the
theoriesput forth on the adaptivenessof the 1:1
ratio (Fisher 1930;Bodmer and Edwards 1960;
Kalmus andSmith 1960),asthesewere developed
for nonhermaphroditic species, and sought to
equalizethe lifetime reproductivepotentials for
malesandfemales.In sequentialhermaphrodites,
the sameindividual functions as both male and
femaleat sometimein its life, and the question
becomesoneof changingsexat thepropertimeto
maximizethe individual's reproductivepotential
(Warnerin press).
SUMMARY
Year-round sampling of a population of the
California sheephead,Pimelometoponpulchrum,
was carried out at Catalina Island, Calif., and
comparative material was collected from a
populationat GuadalupeIsland,Mexico.
Age determinationsindicate individuals in the
Guadalupe population are dwarfed relative to
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thoseat Catalina. The growth rate is lower for
Guadalupefishesand in both populationsthere
may be a slowing of growth at the onsetof ma-
turity, as well as an increasein the growth rate
after sexualtransformation.
Pimelometoponpulchrumis a protogynousher-
maphrodite.During thesexchangefromfemaleto
male,the ovary degeneratesand spermatogenic
cryptsdominatethegonad.The basicstructureof
thegonadremainsovarianhowever,with lamellae
protrudinginto a centrallumen.Spermtransport
is througha seriesof ductsontheperipheryof the
gonadandoviduct.
Catalina California sheephead attain sexual
maturity at age4, at a standardlength of about
200mm.Mostfunctionasfemalesfor 4yr andthen
changesex, at a length of about 310mm. Some
individualsmay transformearlier or later, or not
at all. The Guadalupepopulationalso maturesat
age4,at a lengthof about140mm.But transfor-
mation occursat an earlier age, with most in-
dividualsbecomingmalesby age 7. Peak trans-
formation activity occursin fishes between 190
and230mmSL at Guadalupe.
Gonaddevelopmentstatesandgonadindicesof
Catalina California sheephead suggest that
. spawningoccursin July, August, and September
and that sexual transformation occurs in the
winter monthsbetweenbreedingseasons.
Spawning probably takes place a number of
times in a. single breeding season, which
complicates the determination of the actual
number·of eggsproducedby a femaleeachyear.
Ovaryweight,however,cangiveagoodindication
of relativeageand size-specificfecundities,since
egg density does not appear to vary with fish
length.Theovaryweightof P.pulchrumincreases
exponentiallywith length and linearly with the
ageof the individualin theCatalinapopulation.
At Guadalupe,the averagefecundity probably
increasesmoreslowlywith agewhencomparedto
Catalina,dueto thelow averagerate of growth.
P~melometoponpulchrum has three color
phases.Juvenile colorationoccurs in individuals
usuallylessthan a year old and smaller than 100
mm in length, and never in sexuallymature in-
dividuals.
The uniform colorationis found in immatures'
and mature females.Melanization may obscure
thegroundcoloration,butit appearsthatabout5%
of the matureuniform individualswere malesat
Catalina,and12%at Guadalupe.
Bicolored fishes are exclusively males or late
transitionalsandusuallyhavea nuchalhumpand
filamentousextensionsof themedianfins.
Field observationsindicatethat thereareabout
5.5 uniformly colored individuals to every
bicoloredmaleat bothCatalinaandGuadalupe.
Individual sizeappearsto havea greatereffect
on the sex change than does age, and rapidly
growing fishesmay changesex soonerthan slow
growing individualsof the sameage,which may
notchangesexat all.
With the assumptionof constant,age-indepen-
.dent mortality, the annual survival rate at both
Catalina and Guadalupewas estimatedas about
0.7,asjudgedfrom the fieldtransectdata.
The mature sex ratio at Catalina was
approximately two females for every male. At
Guadalupetheratiowascloserto threefemalesfor
everytwo males,duein part to the earlier sexual
transformationseenthere.
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